INTRODUCTION
============

Gastroesophageal reflux disease (GERD) is a condition that develops when the reflux of stomach contents causes troublesome symptoms and/or complications \[[@b1-kjfm-19-0003]\]. Its prevalence is 10%--20% in the Western world and less than 5% in Asia \[[@b2-kjfm-19-0003]\]. The prevalence of GERD has been increasing since 1995, particularly in North America and East Asia \[[@b3-kjfm-19-0003]\]. The most common symptoms are heartburn, regurgitation, and dysphagia. GERD symptoms create a large burden among employers due to high absence rates and poor performance \[[@b4-kjfm-19-0003]\].

Obesity increases the risk of GERD and is independently associated with esophageal adenocarcinoma \[[@b5-kjfm-19-0003]-[@b7-kjfm-19-0003]\]. Although many studies have investigated the association between obesity and GERD, these studies have been cross-sectional or case-control studies or meta-analyses of cross-sectional or case-control studies \[[@b5-kjfm-19-0003]-[@b8-kjfm-19-0003]\]. Recently, follow-up studies evaluated the relationship between weight change and GERD \[[@b9-kjfm-19-0003]-[@b16-kjfm-19-0003]\], and some of them used endoscopy for GERD \[[@b12-kjfm-19-0003]-[@b16-kjfm-19-0003]\]. Erosive esophagitis (EE) is a complication of GERD that can be easily detected via endoscopy and used as an objective criterion for the diagnosis of GERD \[[@b1-kjfm-19-0003]\]. However, studies exploring the development of EE stratified by weight change are rare. Moreover, because the relapse rate of healed EE is very high, evaluating the effect of weight changes on the development of EE might be invaluable to predicting whether weight change can change the relapse rate of EE \[[@b17-kjfm-19-0003]\].

In this study, we assessed the effect of weight changes on the development of EE among participants who had undergone health checkups at our institution.

METHODS
=======

1. Participants and Procedures
------------------------------

A retrospective review of the medical records of our institution identified 7,236 subjects who had undergone a routine health checkup that included esophagogastroduodenoscopy (EGD). A total of 10,723 participants underwent routine health checkups at a university hospital in South Korea in both 2012 and 2014 ([Figure 1](#f1-kjfm-19-0003){ref-type="fig"}). We excluded 2,401 participants who did not undergo EGD in 2012 or 2014, 649 with EE in 2012, 63 who had previously undergone gastrectomy, and 487 with missing or incomplete data. In total, 3,600 participants were excluded. The study protocol was approved by the institutional review board of the Ulsan University Hospital (IRB approval no., UUH 2014-05-003). Owing to the retrospective nature of the study, the requirement for informed consent was waived by the institutional review board.

2. Data Collection
------------------

Subjects who visited the University Hospital Health Promotion Center to undergo a health checkup were asked to complete a questionnaire about their lifestyle, medical history, educational status, and marital status. Lifestyle data included smoking status, alcohol consumption, and physical activity. Height, weight, and waist circumference (WC) were measured by trained nurses, and laboratory tests, including a serological test for *Helicobacter pylori* (*H. pylori*), were performed. EGD was performed by experienced endoscopists.

Body weight and height were measured with the subjects barefoot and wearing light indoor clothing. BMI was defined as body weight in kilograms divided by the square of height in meters. WC was measured at the midpoint between the lowest ribs and the iliac crest. Smoking was scored as "never smoked," "former smoker," or "current smoker." Alcohol consumption was calculated in grams per week and classified as "≤69," "70−140," or "≥141 g." Physical activity was graded as "low," "moderate," or "high." \[[@b18-kjfm-19-0003]\] Educational status was scored as ≤9 years (i.e., middle-school graduates), 10--12 years (i.e., high-school graduates), and ≥13 years (i.e., college graduates). Marital status was classified as either married or single. *H. pylori* infection was determined on the basis of the immunoglobulin G (IgG) antibody titer for *H. pylori*, determined using the immunochemical luminescence method with DPC Immulite 2000 (DPC, Los Angeles, CA, USA). We defined positivity for *H. pylori* infection as an IgG antibody titer of ≥1.1 U/mL.

Body mass index (BMI) change was calculated as {BMI in 2014 (kg/m^2^)−BMI in 2012 (kg/m^2^)} and was classified as loss (≥0.5 reduction), stable (\<0.5 change), mild gain (0.5--1.5 increase), or moderate gain (\>1.5 increase). On the basis of the World Health Organization's classification for BMI in the Asia-Pacific region, subjects were stratified into normal weight (BMI \<23.0 kg/m^2^), overweight (BMI 23.0--24.9 kg/m^2^), and obese (BMI ≥25.0 kg/m^2^) \[[@b19-kjfm-19-0003]\].

EE was defined as the presence of endoscopically detectable mucosal breaks according to the Los Angeles (LA) classification system \[[@b20-kjfm-19-0003]\]. To maximize the specificity of diagnosis of EE for our analyses, we considered subjects with endoscopic findings of LA-A, LA-B, LA-C, and LAD. A minimal change was not considered to be esophagitis.

3. Statistical Analyses
-----------------------

We tabulated the general characteristics of subjects according to the development of EE and compared the means and distributions of the variables. Student t-test was used for continuous variables, and the chi-square test was used for categorical variables. We calculated the odds ratios (ORs) and 95% confidence intervals (CIs) for the development of EE by BMI change over 2 years. A multivariate logistic regression model was used and adjusted for age, sex, baseline BMI, smoking status, alcohol consumption, physical activity, education, marital status, and *H. pylori* infection. All statistical analyses were performed using STATA ver. 13.1 software (Stata Corp., College Station, TX, USA).

RESULTS
=======

Among the 7,123 subjects who did not have EE in 2012, 276 (3.9%) were newly diagnosed with EE in 2014. Subject characteristics according to the development of EE are shown in [Table 1](#t1-kjfm-19-0003){ref-type="table"}. The subjects who were newly diagnosed with EE were more likely to be male, have a higher BMI and higher WC, be a current smoker, and exhibit higher alcohol consumption; further, they were less likely to have *H. pylori* infection.

The development of EE according to the change in BMI is shown in [Table 2](#t2-kjfm-19-0003){ref-type="table"}. Weight change was associated with the development of EE in a dose-dependent manner (P-value for trend \<0.001). Weight loss decreased the odds of EE development (OR, 0.58; 95% CI, 0.38--0.90) compared with weight stability. In comparison, mild and moderate weight gain increased the odds of EE development (OR, 1.39; 95% CI, 1.06--1.84 and OR, 2.80; 95% CI, 1.87--4.21, respectively) compared with weight stability.

Analysis of the three groups stratified by baseline BMI showed a similar pattern. The development of EE according to the change in BMI in each group is shown in [Table 3](#t3-kjfm-19-0003){ref-type="table"} and [Figure 2](#f2-kjfm-19-0003){ref-type="fig"}. Weight gain was associated with the development of EE in a dose-dependent manner in all three groups (P-value for trend \<0.001). Weight loss decreased the odds of EE development in the normal weight group (BMI \<23.0 kg/m^2^) (OR, 0.38; 95% CI, 0.15--0.97) compared with weight stability. Moderate weight gain in the overweight group (BMI 23.0--24.9 kg/m^2^) increased the odds of EE development (OR, 3.30; 95% CI, 1.64--6.64) compared with weight stability. Mild and moderate weight gains in the obese group (BMI ≥25.0 kg/m^2^) increased the odds of EE development compared with weight stability (OR, 2.08; 95% CI, 1.29--3.36 and OR, 3.92; 95% CI, 1.99--7.73, respectively).

DISCUSSION
==========

Weight gain was positively associated with the development of EE in a dose-dependent manner, while weight loss was negatively associated with the development of EE. After stratifying subjects into three groups by baseline BMI, mild and moderate weight gain in the obese group and mild weight gain in the overweight group increased the odds of EE development compared with weight stability. In comparison, weight loss in the normal weight group decreased the odds of EE development compared with weight stability.

In our study, 3.9% of patients were newly diagnosed with EE in 2014. The results are consistent with those from a Korean study that reported that 4.1% of their subjects were newly diagnosed with EE.14 Another Korean study showed that 5.3% of subjects were diagnosed with EE in 2 years, but the subjects were only males \[[@b15-kjfm-19-0003]\]; male sex has been reported as one of the risk factors of EE \[[@b21-kjfm-19-0003]\].

Although the ways in which obesity contributes to GERD are not completely understood, some studies have suggested potential mechanisms. An observational study noted a significant correlation of BMI and WC with intra-gastric pressure and the gastro-esophageal pressure gradient \[[@b22-kjfm-19-0003]\]. A cross-sectional study of consecutive patients undergoing 24-hour pH-measurements showed that obesity also increases the risk of GERD by increasing esophageal acid exposure \[[@b23-kjfm-19-0003]\].

A few studies have also investigated the association between weight change and development of EE \[[@b12-kjfm-19-0003],[@b14-kjfm-19-0003]-[@b16-kjfm-19-0003]\]. Nam et al. \[[@b15-kjfm-19-0003]\], who also used data from Korean health screening programs, showed that weight gain is associated with new occurrences of EE, and their results are similar to ours. However, their study was done only on males and did not find an association between weight loss and EE. Koo et al. \[[@b14-kjfm-19-0003]\] suggested that abdominal obesity is a risk factor for the development of EE in Koreans, but they did not find an association between weight change and EE. Working from the National Health and Nutrition Examination Survey, a population-based sample in Americans, Ruhl et al. \[[@b16-kjfm-19-0003]\] found that being overweight increases the risk of hospitalization for GERD. Bang and Park \[[@b12-kjfm-19-0003]\] have investigated weight loss as a non-pharmacologic strategy for EE, and they reported that substantial weight loss is associated with EE resolution. Although EE resolution is a different outcome from our outcome of EE development, the finding that weight loss has a positive effect on EE was supported by both studies.

Moreover, the results of the analyses that we stratified by baseline BMI suggest that weight gain in overweight or obese groups may be more likely to support the development of EE than in the normal weight group. Therefore, overweight or obese individuals should be more careful than normal-weight individuals not to gain weight in order to prevent the development of EE. To our knowledge, no prior studies compare the effect of an increase in BMI on EE development in groups stratified by baseline BMI. Hallan et al. \[[@b9-kjfm-19-0003]\] assessed the risk of new-onset gastroesophageal reflux symptoms by changes in BMI. They found that a BMI increase of \>1.5--3.5 or \>3.5 units in the preobese group (BMI 25.0--29.9 kg/m^2^) and a BMI increase of \>3.5 units in the normal weight group (BMI \<25 kg/m^2^) were associated with newonset gastroesophageal reflux symptoms.

Conversely, weight loss decreased the odds of EE development only in the normal weight group, but not in the overweight and obese groups. This suggests that weight loss in overweight or obese groups may be less likely to protect against the development of EE than in normal weight groups, so overweight or obese individuals may need to lose more weight to protect against the development of EE than normal-weight individuals do. However, our study was limited to evaluating the protective effect of substantial weight loss on the development of EE, because the mean BMI change in the weight loss group was about 1 unit.

The present study has several strengths. First, this study is the first trial to report the effect of weight change on the development of EE by baseline BMI. Second, the results may be applied not only to the development of new-onset EE, but also to relapses of EE. Although we were not able to differentiate whether the developed EE was new-onset or relapse, many incidences of EE were likely to be a relapse owing to the fact that the relapse rate of healed EE without maintenance therapy is approximately 70% within 6 months and up to 90% within 1 year \[[@b17-kjfm-19-0003]\].

This study has some limitations as well. First, the subjects were relatively healthy because most of them had undergone a regular health checkup. Therefore, selection bias may have prevented accurate representation of the full Korean population. Second, we did not investigate the history of reflux-inducing factors, including supine positions after meals, meals before bedtime, and dietary factors such as fat, chocolate, and caffeine intake. These dietary factors can confound the association between BMI change and EE. Third, we did not adjust for antireflux medications. Anti-reflux medications might dilute the effect of weight gain on EE, bringing the odds ratios closer to null. Fourth, interoperator variations of EGD in the assessment of esophagitis could occur. To minimize this, the Los angeles classification system was used. This classification system is most thoroughly evaluated for esophagitis and is widely used. Finally, we were not able to classify the weight loss group into sub-groups because the number of subjects who lost weight was not large enough to be classified further. Hence, the group was limited to evaluating the protective effect of weight loss on the development of EE in detail.

In this retrospective study, weight gain was positively associated with the development of EE in overweight or obese individuals. Weight loss was negatively associated with the development of EE in normalweight individuals. Overweight or obese individuals should be more careful than normal-weight individuals not to gain weight to prevent the development of EE. Additionally, physicians should pay attention to weight change to prevent EE. Further studies that take the history of reflux-inducing habits into consideration and increase the sample size of the weight loss group are required to confirm the effect of weight change on the development of EE.
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![Selection of study subjects from participants undergoing health checkups in 2012 and 2014.](kjfm-19-0003f1){#f1-kjfm-19-0003}

![ORs with 95% CIs for development of erosive esophagitis by change in BMI adjusted for age, sex, baseline BMI, smoking status, alcohol consumption, physical activity, education, marital status, and Helicobacter pylori infection; stratified by weight at baseline: (A) all subjects; (B) subjects with BMI \<23.0 kg/m^2^; (C) subjects with BMI 23.0--24.9 kg/m^2^; (D) subjects with BMI ≥25.0 kg/m^2^. BMI, body mass index; OR, odds ratio; CI, confidence interval.](kjfm-19-0003f2){#f2-kjfm-19-0003}

###### 

Baseline characteristics of subjects according to development of EE at follow-up (n=7,123)

  Characteristic               Development of EE (n=276)   No development of EE (n=6,847)   P-value^[\*](#tfn1-kjfm-19-0003){ref-type="table-fn"}^
  ---------------------------- --------------------------- -------------------------------- --------------------------------------------------------
  Age (y)                      50.8±6.8                    50.1±6.5                         0.09
  Sex                                                                                       
   Men                         260 (94.2)                  5,633 (82.3)                     \<0.001
   Women                       16 (5.8)                    1,214 (17.7)                     
  Body mass index (kg/m^2^)                                                                 
   2012                        24.3±2.5                    23.7±2.6                         \<0.001
   2014                        24.9±2.7                    24.0±2.7                         \<0.001
  Waist circumference (cm)                                                                  
   2012                        86.4±6.7                    84.4±6.9                         \<0.001
   2014                        87.1±6.9                    84.4±7.0                         \<0.001
  Smoking status                                                                            
   Never                       57 (20.6)                   2,531 (37.0)                     \<0.001
   Former                      117 (42.4)                  2,565 (37.4)                     
   Current                     102 (37.0)                  1,751 (25.6)                     
  Alcohol consumption (g/wk)                                                                
   ≤69                         185 (67.0)                  5,028 (73.4)                     0.052
   70--139                     54 (19.6)                   1,025 (15.0)                     
   ≥140                        37 (13.4)                   794 (11.6)                       
  Physical activity                                                                         
   Low                         184 (66.7)                  4,652 (67.9)                     0.86
   Moderate                    63 (22.8)                   1,537 (22.5)                     
   High                        29 (10.5)                   658 (9.6)                        
  Education (y)                                                                             
   ≤9                          45 (16.3)                   1,079 (15.8)                     0.84
   10--12                      125 (45.3)                  3,017 (44.0)                     
   ≥13                         106 (38.4)                  2,751 (40.2)                     
  Marital status                                                                            
   Single                      11 (4.0)                    270 (3.9)                        0.972
   Married                     265 (96.0)                  6,577 (96.1)                     
  *Helicobacter pylori*                                                                     
   Negative                    150 (54.4)                  2,321 (33.9)                     \<0.001
   Positive                    126 (45.6)                  4,526 (66.1)                     

Values are presented as mean±standard deviation or number (%).

EE, erosive esophagitis.

By Student t-test for comparison of continuous variables, and chi-square test for comparison of categorical variables.

###### 

OR with 95% CI for the development of EE by change in BMI

  Characteristic                                                    EE/all (%)        Crude OR (95% CI)^[\*](#tfn2-kjfm-19-0003){ref-type="table-fn"}^   Adjusted OR (95% CI)^[\*](#tfn2-kjfm-19-0003){ref-type="table-fn"},[†](#tfn3-kjfm-19-0003){ref-type="table-fn"}^
  ----------------------------------------------------------------- ----------------- ------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------
  Change in BMI (kg/m^2^)                                                                                                                                
   Loss                                                             27/1,341 (2.0)    0.59 (0.38--0.90)                                                  0.58 (0.38--0.90)
   Stable                                                           99/2,922 (3.4)    1.00 (Reference)                                                   1.00 (Reference)
   Mild gain                                                        114/2,448 (4.7)   1.39 (1.06--1.83)                                                  1.39 (1.06--1.84)
   Moderate gain                                                    36/412 (8.7)      2.73 (1.84--4.06)                                                  2.80 (1.87--4.21)
  P-value for trend^[‡](#tfn4-kjfm-19-0003){ref-type="table-fn"}^                     \<0.001                                                            \<0.001

OR, odds ratio; CI, confidence interval; EE, erosive esophagitis; BMI, body mass index.

Using logistic regression analysis.

Adjusted for age, sex, baseline BMI, smoking status, alcohol consumption, physical activity, education, marital status, and *Helicobacter pylori*.

Wald test for linear trend.

###### 

Odds ratio with 95% confidence interval^[\*](#tfn5-kjfm-19-0003){ref-type="table-fn"},[†](#tfn6-kjfm-19-0003){ref-type="table-fn"}^ for the development of erosive esophagitis by change in BMI in three groups stratified by baseline BMI

  Characteristic                                                    BMI \<23.0 (n=2,735)   BMI 23.0--24.9 (n=2,196)   BMI ≥25.0 (n=2,192)
  ----------------------------------------------------------------- ---------------------- -------------------------- ---------------------
  Change in BMI (kg/m^2^)                                                                                             
   Loss                                                             0.38 (0.15--0.97)      0.90 (0.46--1.78)          0.57 (0.27--1.19)
   Stable                                                           1.00 (Reference)       1.00 (Reference)           1.00 (Reference)
   Mild gain                                                        1.00 (0.62--1.63)      1.30 (0.78--2.15)          2.08 (1.29--3.36)
   Moderate gain                                                    1.69 (0.76--3.78)      3.30 (1.64--6.64)          3.92 (1.99--7.73)
  P-value for trend^[‡](#tfn7-kjfm-19-0003){ref-type="table-fn"}^   \<0.001                \<0.001                    \<0.001

Values are presented as odds ratio (95% confidence interval).

BMI, body mass index (kg/m^2^).

Using logistic regression analysis.

Adjusted for age, sex, baseline BMI, smoking status, alcohol consumption, physical activity, education, marital status, and *Helicobacter pylori*.

P value for trend; Wald test for linear trend.
